In an observational study of 582 patients with laboratoryconfirmed influenza virus infections and their household contacts, we found that the initiation of oseltamivir within 24 hours was associated with shorter duration of self-reported illness symptoms (56% reduction in duration; 95% confidence interval, 41%-67%). However, we did not find any association of oseltamivir treatment with duration of viral shedding by polymerase chain reaction or with the risk of household transmission.
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Oseltamivir is a neuraminidase inhibitor commonly prescribed as both prophylaxis for and treatment of influenza virus infections [1, 2] . Recent articles have discussed the strengths and weaknesses of evidence on the benefits and harms of oseltamivir from randomized trials and observational studies [2] [3] [4] . The randomized trials demonstrated that oseltamivir has moderate efficacy in reducing the duration of fever and respiratory symptoms among children and adults with uncomplicated medically attended influenza virus infections [2, 5] . There is less observational evidence for its effectiveness in reducing symptoms when prescribed to patients in community settings, and few studies have investigated its effect on viral shedding and on prevention of secondary infections within households [3, [6] [7] [8] . In the present study, we aimed to examine the effect of oseltamivir on the reduction of self-reported symptoms, virus shedding, and household transmission in a community setting.
METHODS
We analyzed data from a community-based study of household transmission of influenza virus in Hong Kong (2008) (2009) (2010) (2011) (2012) (2013) , including data from 2008 that were published elsewhere [8] . In the present study, household index case patients were recruited from outpatient clinics if they met the following inclusion criteria: ≥2 symptoms of acute respiratory illness with onset within 48 hours of recruitment, no reported acute respiratory illness in the 14 days before recruitment, and living with ≥2 other individuals in the same household, none of whom reported acute illnesses in the prior 14 days. We excluded data from our pilot phase using viral culture as a confirmatory test and retained only index patients confirmed by real-time reverse-transcriptase (RT) polymerase chain reaction (PCR).
Further details of case confirmation, recruitment, consent, and biological sample extraction procedures are available elsewhere [8, 9] . In brief, trained study nurses collected nasal and throat swab specimens from index patients at baseline (day 0) and at 2-3 subsequent visits at approximately 3-day intervals (a total of 7-10 days). Specimens were also collected from household contacts regardless of illness during each home visit. At the initial home visit, we provided structured diaries for both index patient and household contacts to record their daily symptoms and personal digital tympanic thermometers to monitor their daily body temperatures. We obtained information on medications prescribed to index patients at baseline from respective clinic sites and further ascertained this information with index patients during home visits. The Institutional Review Board at the University of Hong Kong approved the study protocol; all participants ≥18 years old provided written informed consent, while written parental consent was obtained for participants <18 years old.
The respiratory symptom score (range, 0-4) was defined as the presence of self-reported sore throat, cough, coryza, and phlegm extracted from participants' diary entries. The total symptom score (range, 0-7) was calculated from respiratory symptom score plus any presence of fever (≥37.8°C), monitored by participants using personal digital tympanic thermometers, headache, and myalgia. Time to symptom alleviation was defined as the time from symptom onset to the first day scoring a 0 on the symptom scores (total and respiratory) and body temperature <37.8°C (fever symptom). Household transmission was assessed based on the number of household contacts (nonindex) of index patients who had developed a new PCR-confirmed influenza virus infection at each household visit.
We conducted descriptive analyses, used Kaplan-Meier estimates to estimate time to cessation of self-reported symptoms, the Turnbull nonparametric estimator for time to cessation of virus shedding, and Weibull accelerated failure time regression models to examine factors affecting time to cessation of selfreported symptoms and virus shedding. The Turnbull estimator accounted for interval censoring, because the presence or absence of virus shedding was measured only every 3 days on average, and the Weibull analysis of time to cessation of virus shedding accounted for interval censoring in the likelihood function [10] .
Finally, we used an individual-based hazard model [11, 12] to estimate the effect of factors affecting influenza transmission. In this model, the risk of infection for a household contact depended on their age and vaccination status as well as the number and characteristics of infected persons in the household. The model allowed for the possibility of tertiary as well as secondary infections, in households with >1 infected household contact. It incorporated the level of influenza activity in the community so that infections from outside the household could be accounted for. We used the model to estimate the association between oseltamivir treatment and infectivity by including the oseltamivir treatment status of index patients.
To account for the potential for immortal time bias [13] we stratified contacts into 3 groups, depending on the delay from onset to treatment of the index patient in their household, and compared the risk of infection of contacts between those with index patients who were or were not treated with oseltamivir in each of the 3 strata. We fitted our model in a Bayesian framework and used a Markov chain Monte Carlo algorithm to estimate posterior distributions of the unknown parameters. The adequacy of the model was tested with the use of a simulation-based χ 2 test comparing observed and expected distributions of the number of cases by household size [11] . The posterior deviance information criterion was used to assess model fit.
RESULTS
Between 2008 and 2013, a total of 4301 index patients were recruited, 876 (20%) had a positive rapid test result, and 697 were followed up with home visits. Among the 697 patients, we excluded 107 patients without RT-PCR confirmed influenza at baseline and another 8 patients who were prescribed an antiviral other than oseltamivir. This left 582 index patients for analysis, of whom 121 were children aged <5 years and 250 (43%) were aged 6-12 years (Appendix Table A1 ). Patients treated with oseltamivir were generally similar to those not treated (Appendix Table A1 ), except for a significantly higher probability to report muscle pain at baseline, and a lower probability of being prescribed antipyretics or antihistamines. The mean number of symptoms reported at baseline was 4.8 in the oseltamivir group versus 4.7 in the nontreated group (P = .21; t test). The mean number of household contacts per index patient was 3.04. The median duration of illness (all self-reported symptoms) was significantly shorter for patients treated with oseltamivir within 24 hours of onset than for the other patients (Appendix Figure A1) . Initiation of oseltamivir treatment within 24 hours of symptom onset was associated with a 56% reduction in time to cessation of all influenza symptoms (acceleration factor [AF], 0.44; 95% confidence interval [CI], .33-.59), a 47% reduction in time to alleviation of fever (AF, 0.52; 95% CI, .45-.63), and a 56% reduction in time to cessation of respiratory symptoms (AF, 0.44; 95% CI, .33-.59) compared with results in index patients without any antiviral treatment, after adjustment for potential confounders. There was no significant association of oseltamivir treatment with the duration of virus shedding by PCR (Table 1) .
Regarding household transmission, index patients with at least 1 household contact who had viral shedding detected by RT-PCR at initial home visits (ie, co-index patients) were excluded from our analyses (n = 115). In the remaining households analyzed (n = 467), 139 of 1420 household contacts (9.8%) had laboratory-confirmed influenza virus infections. There was no significant association between oseltamivir treatment and infectivity of index patients, regardless of the delay between symptom onset and treatment (Table 2) .
DISCUSSION
Congruent with our previous report [8] based on a smaller sample size, in the present study we found additional evidence to support the effectiveness of early initiation of oseltamivir (<24 hours after symptom onset) in shortening the duration of selfreported symptoms among patients in a community setting (Table 1) . Recent evidence from a randomized controlled trial involving mostly children from an urban setting in Bangladesh suggests that oseltamivir may be efficacious in shortening the duration of self-reported influenza symptoms and viral shedding even when started >48 hours after onset [14] . However, we did not find observational evidence to support the effectiveness of oseltamivir in shortening the duration of viral shedding by PCR or preventing transmission within the household ( Table 2) .
The association between oseltamivir treatment and alleviation of influenza symptoms in the absence of a significant reduction in viral shedding has several plausible explanations. We measured virus shedding by PCR, and this was therefore a quantification of the amount of viral element in the nose and throat swab rather than infectious virions; direct assessment of virus replication (eg, plaque assays [median tissue culture infective dose]), would have been preferable, but requires substantial resources and has other limitations, including the difficulty in culturing some viruses and the consequences of freeze-thaw cycles for viability. In addition, many of the symptoms of influenza virus infections may be caused by the immune response to infection, and inflammatory cytokines in particular, rather than the damage to cells caused directly to the virus, and therefore a reduction in the duration of viral shedding after onset may have a limited effect on symptoms [15] . Finally, our sample size was relatively small, and a larger study would have had greater statistical power to identify small to medium effects of oseltamivir on virus shedding and household transmission.
Results from our study should be interpreted in light of several limitations. First, the observational design is subject to unmeasured confounders such as physician training and socioeconomic status. However, we are optimistic that these biases could have been minimized after controlling for other covariates including vaccination and medication prescriptions other than antivirals [3] . Second, we excluded households with concurrent influenza infection among household contacts other than the index patient at study enrollment, but these could indeed be secondary infections. Finally, self-reported influenza symptoms were measured only once a day; the use of several measurements throughout the day may have higher resolution in capturing self-reported symptom duration.
Overall, our data show that oseltamivir has moderate effect on fever and self-reported respiratory symptom alleviation among index patients when prescribed in a community setting within 24 hours of the onset of influenza symptoms. Although existing guidelines do not recommend the prescription of oseltamivir for outpatients without risk factors for progression to more severe disease [1] , our results demonstrate benefits for outpatient use in terms of faster self-reported symptom alleviation. Abbreviations: CrI, credible interval; OR, odds ratio. a Household contacts were stratified into 3 groups, based on the time from illness onset to medical consultation for the index patient in their household. The ORs presented here reflect the risk of infection of a household contact, comparing household contacts of index patients treated and of those not treated with oseltamivir in each stratum. The analysis was also adjusted for age and vaccination status of the household contacts and accounted for tertiary infections and infections from outside the household (see "Methods" section).
APPENDIX Figure A1 . Time to alleviation of all symptoms (n = 582) (A), fever (n = 474) (B), respiratory symptoms (n = 574) (C), and viral shedding (D) by oseltamivir prescription among index patients with polymerase chain reaction-confirmed influenza virus infection. Note that not all patients had fever or respiratory symptoms at baseline. a P values were estimated using χ 2 tests.
